Background: Celiac disease (CD) is an immune-mediated enteropathy triggered by the ingestion of gluten in genetically susceptible subjects. Although the small intestinal mucosa is the main site of the gut's involvement in CD, other mucosal surfaces belonging to the gastrointestinal tract and the gut-associated lymphoid tissue are known to be affected.
INtrODUctION
Celiac disease (CD) is a lifelong immune-mediated disorder triggered by the ingestion of gluten, a protein contained in wheat, rye and barley, in genetically susceptible people (1, 2) .
The typical form of the disease is a malabsorption syndrome with chronic diarrhea, abdominal pain, distention and weight loss. Atypical forms include extra-intestinal manifestations as iron-deficiency anemia, dermatitis herpetiformis, osteoporosis and osteopenia, recurrent aphtous stomatitis (RAS) and dental enamel defects (DED); silent forms are characterized by absence of symptoms with progressive flattening of intestinal villi and positivity to serological tests while potential forms by absence of symptoms and of histological alterations but positivity to serological tests (3) (4) (5) . The only treatment of CD is a lifelong adherence to a gluten-free diet (GFD), which usually results in remission (1, 2) .
CD is strictly linked to a genetic predisposition given by particular human leukocyte antigens (HLA), in particular HLA-DQB1 (DQ2 antigen or DQ8 antigen) (6) (7) (8) (9) (10) . Further, for the realization of the immune reaction responsible for the disease, it is necessary that the gliadin exceeds the intestinal epithelium and reaches the lamina propria, at the level of which interacts with the tissue transglutaminase giving a reaction of Th1 type, with production of specific cytokines and consequent tissue damage, which is manifested by the histological lesions of the duodenal mucosa, and a reaction of Th2 type, in which there is the activation of B lymphocytes into plasma cells and production of antibodies of the type IgA directed against the gliadin, the endomysium and tissue transglutaminase (6, (11) (12) .
CD diagnosis is currently based, after case identification, on serologic IgA EMA (endomysial antibodies) and IgA anti-tTG (anti-tissue transglutaminase) tests and on a small intestinal biopsy with a minimum of four biopsies (two in the distal duodenum and two in proximal duodenum) (13, 14) . Recently, a new screening technique based on radioimmunoassay method (RIA) allowing IgA anti-tTG dosage in saliva has been developed (15) .
Although the small intestinal mucosa is the main site of the gut's involvement in CD, other mucosal surfaces (such as oral, gastric, rectal, terminal ileum, and esophageal) belonging to the gastrointestinal tract and gut-associated lymphoid tissue (GALT), can also be involved (13) . According to literature, gluten-driven T-cell activation can be demonstrated in all these sites. Moreover, the oral cavity could react to ingested gluten in a similar manner to gut mucosa, revealing oral changes when the disease is untreated and an improvement in these changes when CD is treated with a GFD (16) .
Assuming that the oral mucosa could reflect the inflammatory changes in the intestine of CD patients, this study aims to assess the pattern of T-cell subsets in the oral mucosa of young adults affected by CD, in particular between newly diagnosed patients and patients following a GFD, and also compared to healthy patients.
MEtHODs sample selection
This study was designed as a cross-sectional study. In the period from November 2011 to July 2012, we selected a population of 40 patients, composed by 20 patients with diagnosis of CD and under GFD (group A), consecutively enrolled among patients followed by the Gastroenterology Department of Brescia and 20 patients with diagnosis of CD and still untreated (group B), consecutively enrolled among newly diagnosed patients attending the same department.
Inclusion criteria for the study group were: age major than 18 years; diagnosis of CD; positivity of anti transglutaminase antibodies at diagnosis; good compliance with GFD as judged by an interview with specialist dieticians (only for group A). CD was diagnosed at the Gastroenterology Department of Brescia, according to the criteria of the European Society of Pediatric Gastroenterology, Hepathology and Nutrition (ESPGHAN) on the basis of the presence of the CD-related histological lesions of the duodenum mucosa (17) .
Three patients were excluded from the study because they did not give informed consent. out of 37 patients (age range 20-38 years; female: male ratio 28:9) with CD, 19 patients (group A) followed a GFD (2 from less than one year; 6 between 1 and 5 years; 11 more than 5 years) while 18 patients (group B) were still untreated.
Fifteen healthy volunteers (age range 18-35 years, female: male ratio 11:4), recruited among patients who attended the Dental Clinic from January 2012 to December 2012, served as controls for the CD patients. Inclusion criteria for the control group were: age major than 18 years; negativity of anti-transglutaminase antibodies, no drugs consumption, no gastroenterological diseases, no reactive/ infectious/ immune-mediated or auto-immune/ neoplastic oral mucosal lesions. This study was approved by the Ethics Committee (n° 1344) of the Faculty of Medicine, university of Brescia, Italy, and informed consent was obtained from all patients.
buccal samples
Buccal specimens were collected by the same clinician (E.B.). After local anesthesia (mepivacaine and adrenaline 1:100000) a biopsy (6 mm punch) was taken from normal looking buccal mucosa, beneath the occlusal line in the region of the second lower molar. The samples were fixed in formalin (4 % formaldehyde in pH 7.2 solution) and routinely processed into paraffin.
Immunohistochemistry and microscopy evaluation of buccal samples
Four micron tissue sections were stained with hematoxylin and eosin for morphological evaluation. Immunohistochemical investigation of T-cell subsets was performed using anti-CD3 (Rb, SP7, 1:100, thermo Scientific, Fremont, CA, uSA), -CD4 (Ms, 4B12, 1:40, Thermo Scientific), -CD8 (Ms, C8/144B, 1:30, Dako, Glostrup, Denmark) and -TCR CγM1 (Ms, γ3.20, 1:300, Thermo Scientific). Reactivity was revealed using EnVision (Dako) or NovoLink Polymer (Leica Microsystems, Newcastle upon Tyne, uK) followed by diaminobenzidine (DAB).
Ten HPF (high power fields) of each biopsy were examined in order to evaluate T lymphocytes in inflammatory infiltrate. Nikon eclipse 50i microscope was used (40x objective, 10x eyepiece, 20 mm field of view; HPF = 0,196 mm 2 ). The total T lymphocytes-count was carried out for each case and values were expressed as the mean ± SD.
Duodenal samples
Duodenal sampling was carried out by obtaining six duodenal biopsy samples from each patient. Biopsy specimens, orientated with the luminal side uppermost on Millipore filter paper, were subsequently fixed in 4 % formalin, embedded in paraffin, sectioned at 4 lm and stained with hematoxylin and eosin. As the duodenal biopsies were performed at the moment of the diagnosis, the duodenal histopathological information in group A were obtained from archived data.
Immunohistochemistry and microscopy evaluation of duodenal samples
Immunohistochemistry for CD3 and CD8 (Dako, Glostrup, Denmark) was carried out in all cases to better identify and quantify intraepithelial lymphocytes. The severity of duodenal histopathological alterations was evaluated according to and the new proposed classification by Corazza and Villanacci (19, 20) . The upper normal limit for intraepithelial lymphocytes was considered 25⁄100 epithelial cells, according to recent criteria (21) .
statistical analysis
Statistical analysis was performed with STATA® for Mac, using ANoVA-test. The results were considered statistically significant when p-value < 0.05. Table I summarizes the demographical profile of the study group and of the control group. The histopathological results are detailed in table II.
rEsULts

Group A (19 patients with cD and following a GFD)
Oral mucosa histopathological findings
A slight increase of the inflammatory infiltrate was observed if compared with healthy controls but still lower than that in the group B. The staining with hematoxylin-eosin showed absence of epithelial damage, with stromal papillae in which lymphoid cells partly infiltrate the epithelium. Immunohistochemistry analysis performed using monoclonal anti-CD3,-CD4, -CD8 and γδ-TCR (T cell receptor) and showed a lymphocytic inflammatory infiltrate, mainly present at the level of the epithelial-stromal junction (Fig. 1) . The presence of CD3 +cells was slightly higher compared to CD4 + and CD8 + cells, but still lower than in group B, especially with regard to CD3 +cells. Even γδ-TCR+ cells were found to be higher than in the control group and slightly lower than those found in group B (Fig. 2) . No differences in terms of inflammatory infiltrate were observed respect to the duration of time under GFD.
Duodenal mucosa histopathological findings
While villi architecture was within normal limits, a pathological increase in the number of intraepithelial lymphocytes was observed, besides hyperplastic glandular structures. This is type 2 lesion according to Marsh (22) and to Marsh-modified by oberhuber (18) , or grade A according to the new proposed Corazza and Villanacci classification (19, 20) .
Group b (18 patients with cD and still untreated)
Oral mucosa histopathological findings
A dense inflammatory infiltrate, especially present at the stromal papillae and rich in lymphoid cells, was observed; a small elongation of the dermal papillae with focal areas of acanthosis and papillomatosis was present. No epithelial damage was found. The immunohistochemical analysis with monoclonal antibodies anti-CD3,-CD4,-CD8 and γδ-TCR, showed, both in the epithelium and in the submucosa, an increase not only of CD3 + cells, mostly represented, but also a dense lymphoid infiltrate composed of CD8 + and CD4 + cells, especially at the level of the epithelial-stromal junction. Moreover, a considerable increase in γδ-TCR+ cells, both at the level of epithelial and of the submucosa was shown (Fig. 1) . The T-lymphocytic inflammatory infiltrate was significantly (p < 0.0001) increased both compared with the control group and with group A (Fig. 2) .
Duodenal mucosa histopathological findings
Villous atrophy, hyperplastic glandular structures, irregular brush border and pathological increase in the number of intraepithelial lymphocytes were observed. Ten patients showed a type 3 lesion according to Marsh (22) and 3c according to Marsh-modified by oberhuber (18) , or grade B2 according to the new proposed classification of Corazza and Villanacci (19, 20) ; 8 patients showed a type 3 lesion according Marsh (22) and 3b according Marsh modified by oberhuber (18) , grade B1 according to the new proposed classification of Corazza and Villanacci (19, 20) . 
Oral mucosa histopathological findings
A mild T lymphocyte-inflammatory infiltrate, most represented in the submucosa, was observed. The staining with hematoxylin-eosin showed stratified squamous epithelium with normal morphology and architecture, in which a few lymphoid cells scattered mainly at the level of stromal papillae were present. The immunohistochemical analysis showed a lymphocytic infiltrate consisting of CD3 + cells significantly lower than that found in group A and group B (Fig. 1) . Similarly, the lymphocyte count of CD4 +, CD8 + and γδ-TCR+ cells was lower in the healthy controls than in group A and group B (Fig. 2) .
DIscUssION
Although nowadays the intestinal mucosa examination is still considered the corner stone for a definitive CD diagnosis, it is known that the disease may affect several extra-intestinal organs, including mucosal surfaces of the gastrointestinal tract and the GALT (13) . As the oral mucosa is often involved in CD, it could be considered as a potential site for CD diagnosis; in fact, the oral cavity is easier to access than the small bowel, whose biopsy is often hard to accept, in particular for asymptomatic or mildly symptomatic patients and especially in children.
This study aimed to assess if there are differences in the histological features of the oral mucosa of subjects with CD on GFD, subjects with newly diagnosed CD and healthy controls. Despite the clinical and histological features of CD in the intestine are mostly studied, also the involvement of other mucous membranes belonging to the gastrointestinal tract has been reported (23, 24) . The activation of T lymphocytes is not only restricted to the proximal part of the intestine, but also at the level of the esophageal and gastric mucosa, of the terminal ileum and of the rectal mucosa.
This study focused on the inflammatory T-lymphocytes infiltrate in the oral mucosa of CD patients compared to healthy subjects. Biopsy specimens of the oral mucosa were taken from three different groups of patients: patients with CD on a GFD (group A), patients with CD still untreated (group B) and healthy controls. Immunohistochemistry analyses were performed by using anti-CD3,-CD4, CD8-and γδ-TCR monoclonal antibodies.
Recent studies (13, 25) have shown no differences regarding the B-and T-lymphocyte (including CD3+) counts, both in the epithelium and in the lamina propria of the oral mucosa of CD patients and controls. However the same studies demonstrated that the oral mucosa was unexpectedly affected by spongiosis, probably linked to a local toxic effect which, in turn, was induced by gluten.
According to our results, the T-lymphocytic inflammatory infiltrate was significantly increased in patients with CD still untreated (group B) both compared with patients with CD in GFD (group A) and with the control group. In particular, CD3+ cell counts were significantly higher in group B compared to the other two groups. This could mean that CD3+ T lymphocytes in the oral mucosa correlate with CD activity and its treatment. Again CD4+ and CD8+ cell counts resulted significantly higher in group B than in the other two groups. In a previous study with a similar design, Lähteenoja et al. (16) observed a significant increase in the numbers of mast cells, CD3+ and CD4+ lymphocytes in a group of 44 celiac patients on a GFD but did not find differences in the densities of CD45Ro +cells, CD3+ cells or T-cell subsets between 15 untreated CD patients and 19 controls. These slightly different results, compared with our study, may depend on the scarce number of patients of both studies. However, our results seem to reflect what have been shown to happen in the intestinal mucosa, i.e. although a GFD abolishes symptoms, normalizes blood tests and specific serological markers leading to clinical remission, the intestinal mucosa does not fully normalize in all celiac patients in whom a clinical remission is achieved (26) ; in particular, according to our results, intraepithelial lymphocytes of the duodenal mucosa were more than 25/100 epithelial cells both in group A and group B.
The mucosa of the oral cavity is closely bound to the mucosal-associated surveillance and defense immune system, even if the healthy oral mucosa is immunological different from bowel's one; in fact, the lymphoepithelial structures of Waldeyer's pharyngeal ring in the posterior part of the oral cavity represent an important part of gutassociated lymphoid tissue (GALT) and memory B and T cells migrate to regional lymph nodes and secretory glands after the activation, proliferation and the partial differentiation in GALT. This physiological mechanism probably explains the role of oral mucosa in the immunological pathogenesis of CD.
on the basis of the above histological findings, this study opens new perspectives on CD diagnosis, assessing a histopathological alteration, in terms of lymphocytic infiltrate, in the oral mucosa of CD patients.
